aquatic life is affected and dissolved arsenic exceeded the USEPA's drinking-water standard. Background mercury and antimony concentrations in bed sediments ranged from 0.09 to 0.15 micrograms per gram for mercury and from 1.6 to 2.1 micrograms per gram for antimony. Background arsenic concentrations were greater than 27 micrograms per gram. Sites near the Red Devil mercury mine had mercury and antimony concentrations greater than background concentrations. These concentrations probably reflect the proximity to the ore body and past mining. Crooked Creek had mercury concentrations greater than the background concentration. The transport of suspended sediment-associated trace elements was lower for all elements in the lower river than in the upper river, indicating storage of sediments and their associated metals within the river system.
INTRODUCTION

Purpose and Scope
The Kuskokwim River, Alaska, drains a remote basin of about 130,000 km2 along its 1,130-km course from interior Alaska to the Bering Sea ( fig. 1 ). Although the river basin is largely undeveloped, mercury and placer gold have been mined within the basin (Bundtzen and Miller, 1996) . Concerns about the water quality of the river relate primarily to these past mining activities and their continued effects (McBride, 1997 Beikman, 1980.) contains placer cinnabar and mined and unmined epithermal mercury ore deposits (Cady and others, 1955; Miller and Bundtzen, 1994) . Mercury and associated metal enrichment in the Kuskokwim River could result from both natural processes and human activity. Several studies have focused on the mercury distribution in the Kuskokwim region (Nelson and others, 1977; others, 1991 and Bailey and Gray, 1997) and have evaluated both mercury distribution in the smaller drainages of the Kuskokwim basin and the link to plant and animal uptake. The purpose of this study was to focus on the water quality of the Kuskokwim River and selected tributaries by evaluating the chemical composition of the river in relation to lithologic changes.
Description of Study Area
The upper Kuskokwim River is bordered by the Alaska Range to the southeast and by the Kuskokwim Mountains to the northwest ( fig.  1 ). Upstream from McGrath, the North, South, and East Forks, and a host of smaller tributaries, combine to form the Kuskokwim River. From McGrath to its confluence with the Holitna River, the Kuskokwim flows slowly along the base of the Kuskokwim Mountains. Near Sleetmute, the Holitna River joins the Kuskokwim from the south. The river then swings northward bisecting the Kuskokwim Mountains where it narrows and becomes more channelized. The river flows past the historic Red Devil mercury mine and at Crooked Creek, swings southward and westward exiting the Kuskokwim Mountains at Aniak. The river then broadens and the main channel becomes less defined as it crosses the Kuskokwim delta.
The upper river drains primarily lower Paleozoic rocks of Cambrian through Devonian age ( fig. 1 ). The sedimentary rocks include limestone, dolostone, argillite, chert, and graywacke (Beikman, 1980) . The mid-river reach drains the Upper Cretaceous Kuskokwim Group, a regionally extensive basin-fill sedimentary sequence. This sequence is dominantly deep marine turbidites with shallowmarine and fluvial strata that were deposited along the basin margins (Miller and Bundtzen, 1994) . The Kuskokwim Group constitutes the principal rocks of the Kuskokwim Mountains and consists of interbedded graywacke and shale (Miller and Bundtzen, 1994; Cady and others, 1955) . Most of the known cinnabar and stibnite deposits occur within the Kuskokwim Group (Sainsbury and MacKevett, 1965) . The Red Devil mercury mine is one such deposit. Along with cinnabar and stibnite, the Red Devil deposit contains minor amounts of realgar, orpiment, pryrite, and hematite (MacKevett and Berg, 1963) . These deposits and the mining of them could contribute elements such as mercury, antimony, or arsenic to the river system. The lower river drains Quaternary alluvial and glacial deposits ( fig. 1 ).
METHODS
Water, suspended-sediment, and bed-sediment samples were collected and water discharge was measured in June 1997 along the Kuskokwim River from McGrath to Akiak ( fig.  1, table 1 ). In addition, three tributaries the Holitna River, Red Devil Creek, and Crooked Creek were also sampled (table 1). The sites were sampled using a lagrangian sampling design (Meade and Stevens, 1990) . In this design, sites are sampled in downstream sequence, and, ideally, the same mass of water downriver is sampled. This allows changes occurring within the water mass to be identified. The sites were selected to bracket both the major lithologic changes and the mining regions of the Kuskokwim River. (Cady and others, 1955) .
Small drainage draining the historic Red Devil mine site that discharges directly into the Kuskokwim River.
Small tributary to the Kuskokwim River. In early part of the 1900's, placer deposits were mined in the upper tributaries to Crooked Creek. In addition to gold, these deposits contain placer cinnabar. Drainage is also site of current prospecting lode gold (Dodd, 1996) . aNot official USGS station
Discharge
Water Sample Collection
Discharge was measured using a standard AA meter, except at Red Devil Creek where flow was estimated by timed drift. Discharge measurements (table 2) were made the week before water-quality sample collection for the Kuskokwim River between Stony River and Crooked Creek (sites KR2 to KR5) and the Holitna River (site Tl). Temporary stage gages were used to determine stage changes that occurred before water-quality sampling. Discharge at these sites was corrected for stage change by correlating the discharge at these sites to the continuous discharge record at Crooked Creek (KR5). Discharge measurements (table 2) were made just before sample collection for the remaining three sites on the Kuskokwim River (sites KR1, KR6, and KR7), and the two other tributaries (sites T2 and T3).
Vertically integrated samples collected from the centroid of five equal discharge increments (EDI) were combined into depth-and width-integrated water samples (Edward and Glysson, 1988) . The five EDI points were calculated from the measured discharge. Depthand width-integrated water samples were collected at all river sites using a D-77 sampler (Edwards and Glysson, 1988) equipped with a Teflon head and a 3-L Teflon bottle. When river depth exceeded 4.5 m (the isokinetic depth limit for the rigid bottle), a 3-L Teflon bag was used in place of the bottle. The two small drainages, Crooked Creek and Red Devil Creek, were sampled by wading. A depth-and widthintegrated sample was collected from Crooked Creek using a DH-81. Verticals were combined in a compositing churn at these site. At Red Devil Creek, a composite dip sample consisting of dips from five points across the stream was taken. Specific conductance, dissolved oxygen, pH, and temperature were measured across the cross section using a calibrated Hydrolab at all sites except at Red Devil Creek, where they were taken from the dip sample.
Samples for major ion and trace element chemistry, and nutrients were processed according to methods described by Horowitz and others (1994) . Major ion, trace element, and nutrient samples were filtered through a 0.45-^im capsule filter. Dissolved organic carbon samples were filtered through a 0.45-|im silver filter; the filter was retained for suspended organic carbon analysis. Trace-element samples were preserved with nitric acid, and nutrient samples were chilled. The filtered samples will be referred to as "dissolved concentrations." Separate samples were taken for mercury and methyl mercury analyses. Samples were collected to a 1-m depth at the five EDI points. Depth integration could not be done for these samples because a large Teflon compositing container was not available. However, a fivepoint width integration across the river was collected because incomplete horizontal mixing was suspected at some sites. Total mercury and total methyl mercury samples, which were collected at all sites, were not filtered. Unfiltered samples will be referred to as "total concentrations." At sites KR3 and KR5, both total and dissolved samples were collected for the mercury and methyl mercury analyses. All equipment and sample bottles used for mercury and methyl mercury sampling were boiled in 50 percent nitric acid before being sent to the field. Total mercury was preserved with 10 percent HC1 and methyl mercury samples were frozen.
Suspended-Sediment Sample Collection
Suspended-sediment concentration samples were collected using the method of Meade and Stevens (1990) . At each EDI point, a vertically integrated sample was collected for suspended-sediment concentration. The vertical was passed though a 62-|im sieve into a graduated cylinder, the volume was recorded, and the samples were poured into a sediment churn for compositing. The <62-jim sample was taken from the churn and the sieve was rinsed into a sediment jar for the >62-|um sample. Total sediment concentration was calculated as the sum of these two fractions.
Suspended-sediment samples for chemical analyses were collected from five of the seven Kuskokwim River sites: Kuskokwim River at McGrath (site KR1), above the Holitna River (site KR3), below Red Devil Mine (site KR4), at Crooked Creek (site KR6), and above Aniak (site KR7). Unfiltered water samples for sediment-associated trace elements were stored in 5-gallon polyethylene carboys and shipped to the USGS laboratory where they were centrifuged, freeze dried, and sieved through a 62-|Lim sieve. Samples will be referred to as "suspended-sediment-associated trace elements."
Bed-Sediment Sample Collection
Low water facilitated locating depositional zones for bed-sediment collection. Composites of the fine sediments were collected by combining samples from multiple points into glass bowls (Shelton and Capel, 1994) . Samples were kept at 4 °C until they were processed in the laboratory. In the laboratory, samples were freeze dried and dry sieved through a 62-|Lim nylon mesh sieve. Both the <62-|Lim and the >62-|im fractions were analyzed. Samples of bed sediment were taken near all surface-water sites except at KR4. A separate site was established for bed-sediment sampling on the Kuskokwim River below the Red Devil Mine (site KR4A). This site is upstream from site KR4 and about 0.4 km below Red Devil Creek (site T2). Red Devil Mine operated on the left bank of the Kuskokwim River, and other mercury deposits are mapped near the river's left bank (Miller and Bundtzen, 1994) . At sites KR4A and KR5, samples were collected from both the right and left banks of the Kuskokwim River to determine if a compositional difference between banks could be detected.
Quality-Control Samples
A duplicate filtered water sample and an aqueous field blank were collected at site KR2. Duplicate samples for total mercury and total methyl mercury were collected at site KR7. Duplicate bed-sediment samples were taken at all sites except KR6, where only a single composite sample was obtained.
Detection limits and methods for the inorganic element and nutrient analyses are given in table 3 (Patton and Truitt, 1992; Faires, 1993; Fishman, 1 993 ; Horvat and others, 1993; U.S. Environmental Protection Agency, 1995; Struzeski and others, 1996) . Suspended-sediment and bed sediment samples were digested using a combination of hydrofluoric acid and perchloric acid prior to analyses (A.J. Horowitz, USGS, oral commun., 1999).
Data Analysis
Sediment and trace-element transport was calculated using the instantaneous discharge at a given site and the corresponding sediment and trace-element concentration. Prior to calculating sediment-associated trace-element transport, the weight-based concentration was converted from a volume-based concentration by:
where Cssate is the concentration of the suspended-sediment-associated trace element and Css is the suspended-sediment concentration. The transport was then converted to a daily value. This conversion assumes that the instantaneous discharge, the sediment concentration, and the trace-element concentration are representative of the daily time step. This is a reasonable assumption when the stage is not rapidly changing.
The USGS has collected water-quality data at the Kuskokwim River at Crooked Creek (site KR5) since 1951. Data collected during the 1997 sampling were compared to historical values. Comparisons between dissolved constituents collected in 1997 and those from the historical record can be made directly. Historically, unfiltered samples were taken as a measure of the total constituent concentration. In 1997, this type of sample was not collected, but rather the suspended sediment was analyzed directly for trace elements. To compare the 1997 sampling concentrations to the historical total trace-element concentrations, the suspended-sediment-associated trace-element concentrations were converted to a volumebased concentration and added to the measured dissolved concentration. The final calculated total is given by:
Probability plots were used in defining mercury, antimony and arsenic background concentrations in the Kuskokwim River basin bed sediments. Probability plots were constructed by plotting the concentration of the element of interest against quantiles of a standard normal distribution. If the data fit a single normal distribution, the resulting plot will be a straight line (Velz, 1984) . Nonlinearity in probability plots indicates that the data do not fit a normal distribution. Outlying data will appear as a departure from the trend of the rest of the data (Helsel and Hirsch, 1992) . If the data con- tain outliers, the concentration at the first break point has been used as background concentrations in bed sediments (Velz, 1984; Deacon and Stephens, 1998) . For the probability plots constructed, the plotting position was calculated using the Cunnane formulation as described by Helsel and Hirsch (1992) . All bed-sediment data were used to determine the plotting position of the samples, but one sample from site T2 was not plotted so that the shape of the plot at low concentrations could be evaluated.
QUALITY CONTROL
The protocols used in this study were designed to reduce the potential for trace-element contamination of the sample, allowing trace-metal concentrations to be determined in the microgram per liter concentration range (Horowitz and others, 1994) . Analyses of the aqueous field blanks collected indicated that the procedures followed were capable of providing trace-element data in this range. The only trace element detected in a blank analysis was copper at 0.23 ^ig/L (table 4) . Consequently, as much as 15 percent of the copper detected could have been from contamination. In addition, copper concentrations in duplicate samples differed by 0.4 ^ig/L. The measured copper values ranged from <1 to 2.7 ^ig/L and are not significantly different. Calcium, magnesium, and silica were also detected in the blanks (table 4), but at concentrations several orders of magnitude lower than those reported in the environmental sample. Agreement between duplicate water samples was generally good. However, zinc concentrations between duplicates was <1 and 2.7 ^ig/L. Detected concentrations for zinc ranged from 1.3 to 3.2 ^ig/L and, like copper, are not significantly different. No further analysis of aqueous copper or zinc in the system was done.
Comparisons were made between data collected in 1997 and the historical data from the Kuskokwim River at Crooked Creek (site KR5). The specific conductance value of 194 ^iS/cm for the 1997 sampling (table 4) was greater than the 75th percentile for the historical data for the open-water period (table 5). The major ion concentrations were near their respective inner quartile range for the historical record: calcium was at the median, magnesium was near the median, alkalinity was below the median and above the 25th percentile, and sulfate was slightly greater than the 75 percentile. Dissolved barium and strontium fell within the inner quartile range, but dissolved iron and manganese fell below. The calculated totals for iron (2,944 ^ig/L), arsenic (<3 n,g/L, 2.5 based on Cssate alone), and manganese (76 Jig/L) concentrations are below the inner 25th percentile of the historical values for the open-water season (table 5) . The manganese concentration was near the 25th percentile and this could be accounted for by the difference between direct measurement and calculation. Iron and arsenic are 16 and 25 percent lower than their respective 25th percentiles.
In 1997, unusually low water predominated throughout the year (Benson and others, 1998) . Cool weather in May delayed the onset of glacier melt resulting in both low June flows and low sediment concentrations. The historical mean discharge at site KR5 for June is 2,338 m3/s. In 1997, the mean discharge for June was 1,165 m3/s, about half the mean discharge for the period of record and only about 200 m3/s above the historical minimum (Benson and others, 1998) . One consequence of the lower flow was low sediment concentrations. The historical median sediment concentration during open water is 133.5 mg/L with an inner quartile range from 87 to 223 mg/L (table 5) . During June 1997, the sediment concentration was measured at 67 mg/L, which is lower than the 25th percentile of the period of record.The suspended-sediment concentration was 23 percent lower than the historical 25th percentile. The low sediment concentration can account for the Quality Control 9 low total iron, arsenic, and manganese concentrations, because the suspended-sediment concentration is required for the calculated 1997 totals. The concentrations detected in 1997 probably reflect a greater baseflow contribution than is normally present during open water. A greater percentage of baseflow would be consistent with the higher specific conductance, magnesium, and strontium concentrations, as well as the lower sediment, total iron, total manganese, and total arsenic concentrations. With the exception of dissolved manganese, all concentrations fell within the inner quartile range when the entire population of historical measurements is considered.
Generally, good agreement between duplicate bed-sediment samples was found (sets A and B, 
SPATIAL DISTRIBUTION OF CHEMICAL CONSTITUENTS
Rivers transport chemical constituents both in solution and on suspended-sediment particles. The downstream concentration and transport trends will not always mirror one another. For example, the concentration of a constituent may decrease due to mixing with waters of lower concentration, but the transport will increase due to an increased discharge. To understand the chemical transport within a river, one needs to know the concentration of the constituent (both in solution and on the suspended sediments) and the water discharge (the quantity of water flowing past a point along the river each second). Transport is determined by multiplying concentration by the discharge.
Bed sediments commonly have higher trace element concentrations than those found in water due to the presence of trace elements contained in sediment minerals or sorbed onto clays, oxides, and organic layers. Consequently, sampling the streambed sediments increases the likelihood that trace concentrations of chemical constituents in the environment will be detected. In addition, the relation between water and the sediment chemistry is dynamic, and determination of sediment chemistry is a critical component in understanding geochemical cycling.
Water
The Kuskokwim River, Holitna River, Crooked Creek, and Red Devil Creek are calcium to calcium magnesium bicarbonate waters ( fig. 2) . The calcium and magnesium concentrations decreased down the main stem of the Kuskokwim, as did the bicarbonate and sulfate concentrations ( fig. 3) . However, calcium, magnesium, bicarbonate, and sulfate transport increased, mirroring the increased water discharge ( figs. 3 and 4) . The calcium, magnesium, bicarbonate, and sulfate concentrations were lower in the Holitna River, Crooked Creek, and Red Devil Creek than in the main stem (table 4), but the relative proportion of magnesium to the cation charge was higher in Crooked and Red Devil Creeks than in the main stem ( fig. 2 ).
Dissolved trace elements boron, iron, strontium, manganese, aluminum, and barium were detected in water samples (table 4) . Cadmium, cobalt, lead, nickel, silver, vanadium, selenium, uranium, and lithium concentrations were below the detection limit in all samples (Benson and others, 1998) . In addition, mercury was detected in all aqueous samples because low-level analytical techniques were used (table 7) . With the exception of iron and manganese, the concentrations of these trace elements were lower in the Holitna River (site Tl) than in the Kuskokwim River (table 4).
In the Kuskokwim River, dissolved-iron concentrations increase downstream from McGrath (site KR1) and peak at Crooked Creek (site KR5). The dissolved-iron concentrations in the Holitna River (site Tl) and Crooked Creek (site T3) are about four times greater than those in the Kuskokwim River or Red Devil Creek (site T2) ( fig. 5A ). Transport depends on both the water discharge as well as the concentration; therefore, because of its greater discharge, the Holitna River (site Tl, table 2) transports an order-of-magnitude more iron than Crooked Creek (site T3) ( fig. 5B ). The amount of dissolved iron transported by the Kuskokwim River doubles downstream from its confluence with the Holitna River, and the primary source of the dissolved iron in the lower Kuskokwim River is the Holitna River ( fig. 5B ). Finely divided ferruginous materials are found in both the graywacke and shale of the Kuskokwim Group, In the graywacke, the smaller fragmental constituents are stained with the ferruginous material, giving a false appearance of a limonite cement between the coarse fragments, and finely divided clay parti-kwim Group located in the headwaters of the cles seem to contain the ferruginous material in Holitna River is a probable source of the iron in the shale (Cady and others, 1955) . The Kusko-the environment. Dissolved-manganese concentrations are relatively uniform throughout the main stem of the Kuskokwim River and manganese concentrations are higher in the Holitna River, Red Devil Creek, and Crooked Creek than in the main stem, respectively ( fig. 6A ).
Spatial Distribution of Chemical
The highest concentrations of dissolved strontium and barium are found at McGrath (site KR1), and in contrast to iron concentrations of both elements decreased downriver (figs. 7 and 8). The lowest concentrations of strontium and barium were found in the Holitna River (site Tl) (table 4). The concentrations of both elements decrease in the Kuskokwim River below the confluence with the Holitna River and transport reflects the increased water discharge as it did with the major ions ( fig. 3 ). Both strontium and barium are alkaline Earth metals as are calcium and manganese. Strontium replaces calcium or potassium in igneous-rock minerals in minor amounts, and its carbonate (strontianite) and sulfate (celesite) are common in sediments. In limestone, the strontium-calcium ratio is less than 1:1,000, although fossils in limestone tend to be enriched in strontium (Hem, 1992) . Strontium concentrations similar to those in this study were found in the Mackenzie River, Canada, and were attributed to the abundant fossiliferous carbonate rocks (Reeder and others, 1972) . Because no significant igneous intrusions occur within the limestone terrane of the upper basin, the probable strontium source is the limestone. ,--""""TT1
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IN MICROGRAMS PER GRAM
Mercury concentration was measured in unfiltered samples at all sites, whereas mercury concentration was analyzed in filtered samples at only two sites. Consequently, in contrast to the other elements discussed, the downriver mercury trends represent the total rather than dissolved mercury. The total mercury concentration in water samples from the Kuskokwim River ranged from 1.9 to 9.7 nanograms per liter (ng/L) and the tributary concentration ranged from 1.7 to 243 ng/L (table 7) . Total mercury concentration in the main stem decreased between KR1 (670 km) and KR3 (400 km) and increased slightly from KR4 (383 km) to KR5 (327 km) ( fig. 9 ). There is a net decrease in total mercury concentration from KR1 to KR6. The total mercury concentration is highest in Red Devil Creek (site T2) and lowest in the Holitna River (site Tl) (table 7). The higher concentration from Red Devil Creek did not affect the main stem mercury concentration because the tributary was small (discharge 0.02 m3/s) relative to the Kuskokwim River (discharge 1,102 m /s). Dissolved mercury was analyzed in two samples: one taken from the Kuskokwim River above the confluence with the Holitna River (site KR3) and the other from below the confluence (site KR5). The concentration of dissolved mercury was 1.2 ng/L in both samples (table 7) . The dissolved fraction is 24 and 32 percent of the respective total mercury concentration.
The total mercury transport exhibits a slight increase between KR1 and KR6. Mercury transport calculated from the suspendedsediment-associated mercury concentration is higher than that of the unfiltered water sample ( fig. 9, table 7 ). This probably reflects the differences in sampling method between the samples. The suspended-sediment-associated mercury sample was a depth-and width-integrated sample, whereas the total aqueous sample was a surface width-integrated sample. Sediment concentrations can vary through the vertical water column (Horowitz, 1995) , and the near-surface width integration may not represent the total mercury transport.
Methyl mercury can accumulate in tissue and is the mercury species of greatest concern for bioaccumulation. All methyl mercury concentrations in the main stem water samples are <0.06 ng/L, but methyl mercury concentrations in Crooked Creek (site T3) and Red Devil Creek (site T2) samples are about 0.5 and 0.3 ng/L, respectively (table 7) .
No samples exceeded 2 |ig/L (2,000 ng/L), the U.S. Environmental Protection Agency (USEPA) drinking-water standard for mercury, but Red Devil Creek exceeded 0.012 (ig/L (12 ng/L) mercury, the concentration at which aquatic life might be affected (U.S. Environmental Protection Agency, 1992). In addition to mercury, antimony (281 (ig/L) and arsenic (180 JJg/L) were detected in water collected from Red Devil Creek (site T2) (table 4) . In these samples, dissolved arsenic concentrations exceeded 50 ^ig/L (table 4), the USEPA drinking-water standard for arsenic (U.S. Environmental Protection Agency, 1992).
Nutrient concentrations are generally low throughout the system (table 4) . Virtually all of the nitrogen present is in the form of nitrate. Concentrations are highest at sites KRland KR2, but decrease throughout the mid-and lower river. Nitrate-plus-nitrite concentrations in the Holitna River (site Tl) are one-fifth as great as those in the upper Kuskokwim River. Total phosphorus is greatest in the upper river and decreased downstream. Dissolved organic carbon remains uniform throughout the Kuskokwim River main stem and is twice as high in the Kuskokwim River as in the Holitna River (site Tl). Crooked Creek (site T3) has the highest dissolved organic carbon concentration measured (6.8 mg/L). 
Spatial Distribution of Chemical
Suspended Sediment
Suspended-sediment concentrations fluctuate slightly between sites KR1 to KR3, but are relatively uniform from sites KR4 to KR7. In general, total sediment concentration decreases below McGrath (fig. 4A ). The concentration of the <62 Jim fraction is relatively uniform throughout the river and accounts for between 65 and 80 percent of the total concentration. However, suspended-sediment-associated concentrations of iron, manganese, mercury, lead, arsenic, and zinc showed a net increase from site KR1 to site KR6 (table 8; figs. 5, 6, 9, and 10). The total suspended-sediment transport in the upper river was higher than that in the lower river ( fig. 4B ). Transport of suspended-sediment-associated trace elements depends on the sediment transport and suspended-sedimentassociated trace-element concentration. The decrease in sediment transport from site KR3 (400 km) to site KR4 (383 km) is mirrored in the transport of the associated trace elements. Transport of iron, manganese, mercury, lead, arsenic, and zinc increases from site KR4 (383 km) to site KR6 (217 km) reflecting the increased concentration of associated trace elements (figs. 5, 6, 9, 10). The transport of trace elements by suspended sediments was lower for all elements in the lower river than in the upper river, indicating storage of sediments and their associated metals within the river system (figs. 5-10).
Bed Sediment
Bed-sediment samples from the Kuskokwim River did not show the downstream concentration trends seen in the suspended sediments and showed little chemical variation between sites, except for samples taken from the left bank of site KR4A and those from site T2 (table 6) . Between 15 and 59 percent of the bulk samples consisted of the <62jim fraction (table 6 ). In general, the finer fraction had slightly higher concentrations than the corresponding bulk analysis.
The Red Devil mercury mine operated on the left bank of the Kuskokwim River, and other mercury deposits are mapped near the river's left bank (Miller and Bundtzen, 1994) . Samples were collected from both the right and left banks of the Kuskokwim River at sites KR4A and KR5 to determine if a compositional difference between banks existed. At site KR4A, a compositional difference was found in the left bank sediment samples relative to the right bank samples and the rest of the Kuskokwim River samples. No difference was found between the left and right banks at site KR5 ( fig. 11) . The bed-sediment samples taken from the left bank of site KR4A had mean bulk mercury (0.47 [ig/g) and antimony (5.2 Jig/g) concentrations that were two and three times higher than those of the other Kuskokwim River samples ( fig. 11) . No difference was found in the arsenic concentrations of these samples (table 6) .
Sample concentrations above background may be elevated because of natural weathering of a localized source or by human activities. One approach to evaluating the degree to which a sample is elevated is to determine a basin-specific background concentration (Velz, 1984; Deacon and Stephens, 1998) . Samples can then be compared to the background concentration to determine their degree of elevation over background. Probability plots for mercury, antimony, and arsenic were developed to determine the basin-specific background. Plots for mercury and antimony showed sharp slope breaks for both the bulk sample and the <62 jim fraction, but arsenic did not ( fig. 12 ). The shape of the mercury and antimony plot indicates the presence of points that depart from the underlying trend (Helsel and Hirsch, 1992) . Trace-element concentrations in bed sediments are affected by particle size; consequently, the bulk sample and <62 jim fraction give slightly different background concentrations. Mercury background concentrations were 0.09 jig/g and 0.15 jig/g for the bulk and <62 \im samples, respectively. These concentrations agree with the background concentration range found for non-source areas of 0.06 to 0.1 jig/g mercury reported by Nelson and others (1977) . Antimony background concentrations were 1.6 jig/g and 2.1 jig/g for the bulk and <62 jim samples, respectively. Because arsenic showed no clear break in slope, a background concentration was not defined but would be greater than 27 |ig/g. However, Gray and others (1991) found that the combination of mercury, antimony, and arsenic concentrations greater than 3 jig/g, 1 p,g/g, and 15 p,g/g, respectively, were indicative of upstream cinnabar-stibnite. This would imply lower antimony and arsenic concentrations and, possibly, a higher mercury background than were found in this study. The discrepancy could be due to differences in the particle sizes of the bed sediment between the studies and to a greater focus on drainages with mercury deposits in Gray's study.
Samples from site T2 and from the left bank at site KR4A exceed the background concentrations for mercury and antimony in both the bulk sample and <62 |J,m fraction. The variability between the Red Devil Creek bed-sediment samples was high, despite side-by-side collection and sample compositing (table 6) , and may be due to finely divided ore minerals with a patchy dispersal distribution. Samples from site T3 exceeded the background concentration for mercury in both the bulk sample and the <62 jLim fraction, and one sample from KR2 exceeded the background concentration for a bulk sample. The mercury concentrations reported here for site T3 are about twice those previously reported for Crooked Creek (Gray and others, 1994) . Once again, this difference may be due to differences in bed-sediment particle size. The source of the mercury in Crooked Creek (site T3) is unclear, but may be related either to the upstream mineralogy or to past placer mining activity (Gray and others, 1994) . The concentrations of mercury and antimony found at site T2 and on the left bank of site KR4A likely reflect the proximity of the mercury ore deposits and past mining activity.
There are no State or Federal guidelines or standards for trace-element concentrations in streambed sediments with which the Kuskokwim River data can be compared. However, the Canadian Council of Ministers of the Environment (1999) have adopted "Canadian Sediment Quality Guidelines for the Protection of Aquatic Life." Guidelines have been set for arsenic, cadmium, chromium, copper, lead, mercury, and zinc. Two levels are defined for the total concentration in a bulk sediment sample: (1) the interim sediment quality guideline (ISQG), where toxicological effects are expected to be rare, and (2) the probable effect level (PEL), where toxicological effects are expected to occur (table 9) (Canadian Council of Ministers for the Environment, 1999). Table 9 . Interim freshwater sediment quality guidelines (ISQGs) and probable effect levels (PELs; dry weight) All bed-sediment samples from the Kuskokwim River basin exceed the ISQG for arsenic and chromium, and about one-half exceed the PEL for arsenic (table 6). One sample from Red Devil Creek exceeds the PEL for arsenic by two orders of magnitude and slightly exceeds the PEL for chromium (table 6). Four samples one from KR2, one from KR4A, and two from T3 exceed the ISQG for mercury. One sample from KR4A and both samples from T2 exceed the PEL for mercury. Mercury concentrations in the Kuskokwim River bed sediments fell within the 50th percentile (40 ng/g, 0.04 ^ig/g) and 75th percentile (80 ng/g, 0.08 jj,g/g) of the mercury distribution found for 61,744 streambed sediments in Canada (Rasmussen and others, 1998). Exceptions were one sample from site KR2, which fell between the 75th and 95th percentile (199 ng/g, 0.199 jig/g), and those from the left bank at site KR4A, which fell above the 95th percentile.
